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Spring extreme precipitation poses great challenges to agricultural production and
economic development in southern China. From the perspective of prediction, the
relationship between spring extreme precipitation frequency (SEPF) in southern China
and preceding autumn snow cover over Eurasia is investigated. The results indicate that
the southern China SEPF is significantly correlated with October snow cover in central
Siberia. Corresponding to reduced October snow cover, the vertical propagation of
planetary waves is suppressed, which leads to a strengthened stratospheric polar
vortex from October to following December. The signal of the anomalous stratospheric
polar vortex propagates downward to the surface, contributing to a positive North Atlantic
Oscillation (NAO)-like pattern in December. The southwesterlies in the northern Eurasia-
eastern Arctic associated with the positive NAO induce sea ice loss in the Barents—Kara
seas in January-February, which then tends to enhance the vertical propagation of
planetary waves by constructively interfering with the climatological wavenumber-1
component. Therefore, the stratosphere polar vortex is significantly weakened in
spring, which further contributes to a negative Arctic Oscillation (AQ)-like pattern in the
troposphere. The negative spring AO is related to an anomalous cyclone in East Asia,
which induces upward motion and moisture convergence in southern China, consequently
providing favorable dynamic and moisture conditions for extreme precipitation in the
region. The snow cover signal in central Siberia in the preceding October provides a
potential source for the prediction of spring extreme precipitation variability in southern
China with two seasons in advance.

Keywords: snow cover, spring extreme precipitation, southern China, prediction, sea ice

INTRODUCTION

Southern China is a major rice-producing region in East Asia and has a dense population and
developed industry, making it vulnerable to extreme precipitation events. Spring is the rice-seeding
season in southern China. Floods and droughts associated with anomalous precipitation and extreme
precipitation events in spring can influence agricultural activity and rice production in the region.
Therefore, it is of great importance to better understand and predict the variabilities of spring
precipitation and extreme precipitation events in southern China.
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Although the precipitation amount in spring in southern
China is less than that in summer, it can still contribute to
more than 30% of the annual total precipitation and has strong
variability (Feng and Li, 2011). Efforts have been made to explore
possible mechanisms for spring precipitation variability in
southern China, revealing several influencing factors, including
the East Asian jet stream (Wen et al., 2007; Wang et al., 2011),
western Pacific subtropical high (Wang et al., 2000; Zhang et al.,
2009), polar vortex (Wang et al., 2002), North Atlantic Oscillation
(NAO; Xin et al, 2006; Sun and Yang, 2012), sea surface
temperature (SST) anomalies in the North Atlantic (You and
Jia, 2018; Jia et al., 2019) and tropical Indian-Pacific Oceans (Wu
et al., 2003; Xie et al., 2009; Feng and Li, 2011; Sun and Yang,
2012; Chen et al., 2014), etc.

Compared with spring mean precipitation,
precipitation tends to be more destructive to the ecosystem,
social economy, and agricultural activity and production.
Recent studies have begun to focus on the variability and
influencing factors of spring precipitation extremes in
southern China from a climatic perspective. For example,
Huang et al. (2015) indicated that the southern China
spring persistent rainfall frequency is positively related to
the strong East Asian subtropical jet-weak East Asian polar
front jet configuration. Li et al. (2018) suggested that there are
two branches of water vapor transport in association with
spring persistent rainfall in southern China: One is westerlies
over the southern Tibetan Plateau, and the other is
southwesterlies over the western North Pacific. Shen and
Chen (2018) pointed out that the out-of-phase change in
surface sensible heat between mid-latitude Eurasia and
Southeast Asia is significantly correlated with the out-of-
phase change in spring extreme precipitation frequency
between northern China and southern China. A recent
study by Gu et al. (2021) suggested that spring consecutive
cloudy-rainy events in southern China exhibit considerable
interdecadal variation, which is related to the Pacific Decadal
Oscillation (PDO). Zhang et al. (2021) revealed that
anomalous sea ice in the Davis Strait-Baffin Bay region in
the preceding winter has a delayed impact on spring extreme
precipitation events in southern China.

Eurasian snow cover is an important influencing factor and
prediction source for the Northern Hemisphere climate (Saito
et al., 2001; Cohen et al., 2007; Cohen and Fletcher, 2007;
Cohen and Jones, 2011; Cohen et al., 2014; Orsolini et al.,
2016). Anomalous Eurasian snow cover affects the local
energy budget by changing surface albedo and snowmelt-
related soil moisture anomalies, which further influence the
climate remotely by exciting Rossby wave anomalies (Barnett
etal., 1989; Yim et al., 2010; Zhang et al., 2019). Stratosphere-
troposphere interaction is an important pathway whereby
autumn Eurasian snow impact on subsequent winter
atmospheric circulations (Cohen et al., 2007; Cohen et al.,
2014; Ao and Sun, 2015; Han and Sun, 2018; Xu et al., 2018).
Specifically, increased (decreased) October Eurasian snow
cover enhances (suppresses) the upward propagation of
planetary waves, which further weakens (strengthens) the
stratospheric polar vortex and induces a negative (positive)
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Arctic Oscillation (AO)/NAO in the following winter (Gong
et al., 2003; Cohen et al., 2007; Fletcher et al., 2009; Garfinkel
et al.,, 2010; Smith et al.,, 2011; Cohen et al.,, 2014). Some
studies have suggested a linkage between spring Eurasian
snow cover and southern China spring precipitation
Variability (Wu and Kirtman, 2007; Zuo et al.,, 2012; Jia
et al., 2018). Then, it is natural to ask whether the
preceding Eurasian snow cover influences the southern
China spring extreme precipitation frequency (SEPF). If so,
the snow cover information could provide sources for the
seasonal prediction of SEPF variability in southern China.
Therefore, from the perspective of prediction, this study
investigates the relationship between the southern China
SEPF and Eurasian snow cover in the preceding autumn
and the related physical processes.

DATA AND METHODS

In this study, we use daily precipitation observations from 839
meteorological stations in China provided by the National
Meteorological Information Center of the China
Meteorological Administration. There are 569 stations in
East China (east of 105°E) after eliminating the stations
with missing values of more than 5days during spring
(March-May) in any year from 1979 to 2017. Following
previous studies (e.g., Zhai et al, 2005), an extreme
precipitation day is identified at a station when the
station’s daily precipitation amount is larger than the 90th
percentile of precipitation on all rainy days (daily
precipitation>0.1 mm) in spring during 1979-2017. The
extreme precipitation frequency indicates the number of
extreme precipitation days.

The Northern Hemisphere weekly snow cover dataset is
provided by the Rutgers University Global Snow Lab (GSL,
Robinson et al., 2012), which has been available since 1967 on
an 88 x 88 grid. The weekly data are converted to monthly
data for analysis. The monthly atmospheric circulation
datasets are obtained from the National Centers for
Environmental Prediction and National Center for
Atmospheric Research (NCEP-NCAR) from 1948 to the
present with a 2.5 ° x 2.5 ° horizontal resolution (Kalnay
etal., 1996). The monthly Arctic sea ice concentration dataset
is obtained from the Hadley Centre Sea Ice and SST dataset
version 1 (HadISST1), from 1870 to the present with a
resolution of 1 * x 1 ° (Rayner et al., 2003). The monthly
mean AO and NAO indices are extracted from the Climate
Prediction Center (https://www.cpc.ncep.noaa.gov/
products/precip/CWlink/daily_ao_index/ao.shtml and
https://www.cpc.ncep.noaa.gov/products/precip/ CWlink/
pna/nao.shtml), which spans the period from 1950 to the
present.

The research period of this study is 1979-2017, and all
variables are available during the period. To obtain the
interannual component, a 9-years high pass filter is applied to
all variables using the Flourier transform. The statistical
significance is estimated according to the two-tailed Student’s
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FIGURE 1 | Correlation coefficients of snow cover in (A) September, (B) October and (C) November with SC_SEPI during 1979-2017. Stippled regions indicate
that the anomalies are significant at the 90% confidence level. The box in (B) indicates the region used to define the SNOWI.

t test. The zonal wavenumber-1 disturbance is obtained by zonal
Fourier harmonics.

RESULTS

Relationship Between Southern China
Spring Extreme Precipitation Frequency
and Eurasian Snow Cover in the Preceding
Autumn

Recently, Zhang et al. (2021) performed an empirical orthogonal
function (EOF) analysis on the interannual SEPF variability in East
China (east of 105°E) during 1979-2017. The EOF1 mode accounts
for 16.2% of the total variance and generally shows consistent
variability of SEPF in East China, with a large-value center in
southern China (20°-30°N, 110°-125°E). The EOF2 mode

accounts for 10.8% of the total variance and shows a south-north
dipole structure of SEPF variability between central East China
(29°-38°N, 105°-125°E) and southeastern coast of China
(20°-27°N, 110°-120°E; figure not shown). The EOF1 and EOF2
can be well separated from each other and from the remaining
modes, based on North et al. (1982). This study focuses on the first
mode of interannual SEPF variability in East China. Based on the
study by Zhang et al. (2021), a southern China spring extreme
precipitation frequency index (SC_SEPI) is defined as area-average
SEPF anomalies over 20°-30°N, 110°-125°E. The correlation
coefficient between PC1 and SC_SEPI is 0.94 during 1979-2017,
which indicates that the SEPF variability in southern China is the
major feature of that in East China.

To investigate the connection between the interannual variabilities
in the southern China SEPF and Eurasian snow cover in the
preceding autumn, Figure 1 examines the correlations of Eurasian
snow cover in the preceding September to November with SC_SEPI.
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FIGURE 2 | Regressions of spring (A) 200 hPa geopotential height (m) and wind (ms~") and (C) sea level pressure (SLP; hPa) and 850 hPa wind (ms ™) against the
SC_SEPI during 1979-2017. (B) and (D) are the same as (A) and (C) but for negative October SNOWI. Light and dark shaded regions indicate that the anomalies are
significant at the 90 and 95% confidence levels, respectively. Wind vectors that are significant at the 90% confidence level are shown.

Significantly large-scale negative correlations are observed in October
in central Siberia. However, correlations are negligible in the region in
September and November. This is reasonable since large snow cover
variabilities appear in mid- to high-latitude Eurasia in October,
whereas the variabilities are weak in the region in September and
November (Han and Sun, 2018). Furthermore, a snow cover index
(SNOWI) is defined as snow cover anomalies averaged over
50°-68'N, 92°-116’E (Figure 1B). The SC_SEPI is closely related
to the October SNOWI, with a correlation coefficient of -0.65 during
1979-2017, which is significant at the 99% confidence level. Besides
the snow cover signals over central Siberia, significant decrease in
snow cover can also be seen over north Europe and a marked dipole
snow cover anomaly pattern can be detected in East Asia. This result
indicates that the November snow cover anomalies over the
aforementioned two regions might also have lagged influence in
the SEPF variability in southern China, which will be explored in
details in our future studies. The role of the largest-scale signal of
snow cover over central Siberia is focused in this study.

We further analyze the spring atmospheric circulation anomalies
associated with the SC_SEPI and negative October SNOWL As
shown in Figure 2, the spring large-scale atmospheric circulation
anomalies associated with the two indices share similar features, with
significant positive sea level pressure (SLP) and geopotential height
anomalies in the polar region, as well as negative anomalies in mid-
latitude Eurasia, resembling the negative phase of AO. The
correlation coefficients of the spring AO index with the SC_SEPI

and October SNOWI are —0.42 and 0.52 during 1979-2017,
respectively, and both are significant at the 99% confidence level.
These results suggest that the spring AO may play an important role
in linking the preceding October snow cover in central Siberia and
SEPF in southern China.

Corresponding to more southern China SEPF, there is a quasi-
barotropic anomalous cyclone in East Asia, with southerlies
prevailing in southern China (Figures 2A,C). Such atmospheric
circulation anomalies favor more water vapor transport from low
latitudes to southern China and lead to moisture convergence in the
region (Figure 3A). Meanwhile, significant upward motion
anomalies dominate southern China (Figure 3C). The anomalous
moisture and vertical motion conditions associated with the negative
October SNOWT bear a resemblance to those associated with
SC_SEPI (Figures 3B,D). The similarity between atmospheric
circulation anomalies associated with the reduced October snow
cover in central Siberia and SEPF in southern China further confirms
the close relationship between the two.

Physical Processes Connecting October
Snow Cover in Central Siberia and Spring
Extreme Precipitation Frequency in

Southern China

To investigate the possible physical processes that link the
preceding October snow cover in central Siberian and SEPF in
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FIGURE 3 | Regressions of spring (A) vertically integrated water vapor flux (vectors; kgm™' s™") and its divergence (shading; 107® kgm=2s~") and (C) 500 hPa
vertical velocity (10~% Pas™) against the SC_SEPI during 1979-2017. (B) and (D) are the same as (A) and (C) but for negative October SNOWI. Stippled regions indicate
that the anomalies are significant at the 95% confidence level. Vectors that are significant at the 90% confidence level are shown.

southern China, the temporal evolution of anomalous
atmospheric circulations associated with the October SNOWI
are examined in this section. Previous observational and
modeling studies connected October Eurasian snow cover with
the following winter climate through troposphere-stratosphere
interactions (Gong et al., 2003; Cohen et al., 2007; Peings et al.,
2012; Cohen et al., 2014; Han and Sun, 2018; Xu et al., 2018).
Therefore, we hypothesize that October central Siberian snow
cover could also affect atmospheric circulation in the following
seasons by modulating the vertical component of wave activity
fluxes (WAFs) from the troposphere to the stratosphere. To test
this hypothesis, Figure 4 shows the 50 hPa vertical stationary
wave activity flux (Plumb, 1985) anomalies regressed against the
negative October SNOWI and its long-term climatology in
October. Climatologically, there is strong upward propagation
of WAFs located in the mid- to high-latitude Eurasia-North
Pacific. Corresponding to the negative October SNOWI,
significantly anomalous downward WAFs occur in a large-
scale area of mid-to high latitude Eurasia, with a center in the

area with reduced snow cover. The negative October SNOWI-
related downward WAF anomalies weaken the upward WAFs of
the climatological mean, which tends to suppress the vertical
propagation of planetary waves.

The enhanced/suppressed vertical propagation of planetary
waves favors weakened/strengthened stratospheric polar vortex
anomalies (e.g., Gong et al.,, 2003; Cohen et al., 2007; Fletcher
et al, 2009; Kim et al, 2014). Therefore, along with the
suppressed vertical propagation of planetary waves, the polar
vortex becomes stronger from October to December, as shown in
Figure 5. Previous studies suggested that the anomalous
stratospheric polar vortex could persist and further propagate
downward, forming an anomalous AO (NAO)-like pattern in
weeks to months (Baldwin and Dunkerton, 2001). As a result, a
positive NAO-like pattern occurs in December following the
reduced October snow cover in central Siberia. The correlation
coefficient between the October SNOWI and the following
December NAO index is —0.46 during 1979-2017, which is
significant at the 99% confidence level. The above results

Frontiers in Earth Science | www.frontiersin.org

November 2021 | Volume 9 | Article 785601


https://www.frontiersin.org/journals/earth-science
www.frontiersin.org
https://www.frontiersin.org/journals/earth-science#articles

Zhang and Sun

Snow Effect on Extreme Precipitation

180

[ [
-08 -06 04 -02 0 02 04 06 08

FIGURE 4 | Regression of October vertical wave activity flux (WAF) anomalies (shading; 10° m?s™2) at 50 hPa against the negative October SNOWI during
1979-2017. Contours denote the climatological mean of 50 hPa vertical WAFs in October. Stippled regions indicate that the anomalies are significant at the 90%

confidence level.

indicate that anomalous preceding October snow cover in central
Siberia can lead to an anomalous December NAO through
troposphere-stratosphere interactions.

Figures 6A,C exhibits the anomalous Arctic sea ice
concentration (SIC), surface air temperature (SAT) and surface
winds in December regressed against the negative October
SNOWI. Corresponding to NAO-like atmospheric circulation
anomalies associated with reduced October snow cover in central
Siberia, significant southwesterlies prevail the region from the
North Atlantic to northern Eurasia-eastern Arctic in December,
which transports warm air masses to the northern Eurasia-
eastern Arctic and leads to significantly increased SAT in the
region. Consequently, sea ice is reduced in the Barents—Kara seas.
The SIC and SAT anomalies could persist and strengthen in the
following January-February (Figures 6B,D). Therefore, the
January-February SIC index (SICI; SIC anomalies averaged
over 69°-75°N, 20°-58°E) is significantly correlated with the
October SNOWI, with a correlation of 0.46, exceeding the
99% confidence level.

Figures 7A,B examines the regressed January-February
500 hPa geopotential heights against the negative October
SNOWTI and negative January-February SICI. The atmospheric
circulation anomalies in association with changes in snow cover

and SIC show similar features, indicating that the SIC anomalies
in the Barents-Kara seas could play an important role in the
influence of October snow cover in central Siberia in the
following January-February atmospheric circulations. The
atmospheric circulations associated with the SNOWTI and SICI
show a zonal wavenumber-1 structure, from the perspective of
hemispheric atmospheric variability. Figures 7C,D further
exhibits the zonal wavenumber-1 components of geopotential
height at 500 hPa regressed upon the negative October SNOWI
and negative January-February SICI. The atmospheric
circulation anomalies in Figures 7C,D are very similar to
those in Figures 7A,B, with a pattern correlation coefficient of
0.61/0.69, which is significant at the 99% confidence level. These
results imply that the October snow cover in central Siberia and
January-February Barents-Kara seas SIC mainly influence the
zonal wavenumber-1 atmospheric circulation.

The anomalous wavenumber-1 components associated with
the SNOWI and SICI are approximately in phase with the
climatology of zonal wavenumber-1 atmospheric circulation,
as shown in Figures 7C-F. The constructive interference of
wavenumber-1 disturbance with the background state tends to
enhance the upward wave activity propagation and further
weakens the polar vortex (Garfinkel and Hartmann, 2008;
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negative October SNOWI during 1979-2017. Stippled regions indicate that the anomalies are significant at the 90% confidence level.
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Smith et al., 2010; Han and Sun, 2019). The above results indicate
that anomalous October snow cover in central Siberia could
induce a zonal wavenumber-1 disturbance during the
following January-February by changing the SIC in the
Barents-Kara seas, which could further enhance vertically
propagating planetary waves by constructively interfering with
the climatological wavenumber-1 component. These results are
consistent with previous studies that suggested that decreased sea
ice cover in the Barents—Kara seas could weaken the stratospheric
polar vortex by modulating vertically propagating planetary
waves (Kim et al., 2014; Nakamura et al., 2015; Nath et al., 2016).

To further confirm the January-February anomalous
vertically propagating planetary waves in response to reduced
October snow cover in central Siberia, Figure 8 depicts the
January-February 50 hPa vertical WAFs regressed against the
negative October SNOWI. Large-scale upward WAFs are found
in mid- to high-latitude Eurasia and the North Pacific, coinciding
with the large value of the climatological mean, which likely
strengthens the upward propagation of planetary waves.
Therefore, the stratosphere polar vortex is significantly
weakened in spring, which can propagate downward and form
a negative AO-like pattern in the troposphere (Figure 9). These
results indicate that the October central Siberian snow cover is

linked to the following spring AO-like circulation anomalies
through stratosphere-troposphere interaction processes.

The above results suggest a close relationship between the
preceding October snow cover in central Siberia and SEPF in
southern China. The snow cover signals with a two-season lead
could provide useful information for the prediction of the
southern China SEPF. Figure 10A calculates the correlations
between observed and hindcasted SEPF in East China. The
hindcast of SEPF is based on the following fomula:

SEPF (i, j,t) = EOF1 (i, j) x PC1(t),

where EOFI is the observed leading mode of SEPF in East China
(east of 105°E) during 1979-2017, and PC1 is the hindcasted time
series based on the October SNOWI using leave-one-out cross-
validation method. There are generally positive correlations in
East China, with large-scale significant signals in southern China.
Figure 10B further estimates the prediction value of October
SNOWI for the SC_SEPI through the leave-one-out cross-
validation method. The result indicates that the hindcasted
SC_SEPI based on the October SNOWI could generally
capture the variability in observation, with a correlation
coefficient of 0.61 between the two, which is significant at the
99% confidence level. This suggests that the preceding October
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FIGURE 6 | Regressions of December (A) Arctic sea ice concentration (SIC; %) and (C) surface air temperature (SAT; °C) and surface winds (m s™") against the
negative October SNOWI during 1979-2017. (B) and (D) are the same as (A) and (C), but for January—February. Stippled regions indicate that the anomalies are
significant at the 90% confidence level. Wind vectors that are significant at the 90% confidence level are shown. The box in (B) indicates the region used to define the

central Siberian snow cover could serve as a predictor for the
southern China SEPF.

CONCLUSION AND DISCUSSION

Spring extreme precipitation in southern China significantly
disrupts spring sowing and could cause heavy economic losses.
The results of this study indicate that the southern China SEPF is
negatively correlated with the central Siberian snow cover in the
preceding October. This cross-seasonal relationship provides a
possibility for predicting southern China spring extreme
precipitation variability with two seasons in advance.

The October snow cover in central Siberia is linked to the
southern China SEPF through stratosphere-troposphere
interactions.  Specifically, reduced October
suppresses vertically propagating planetary waves from the

snow  cover

troposphere to the stratosphere and further strengthens the
stratospheric polar vortex from October to December. The
strengthened stratospheric polar vortex signals propagate
downward to the surface, forming a positive NAO-like
structure in December. Corresponding to the NAO-like
circulation anomalies, southwesterlies prevail in the North
Atlantic and northern Eurasia-eastern Arctic, which bring
warm air masses to the northern Eurasia-eastern Arctic and
lead to local SAT warming. As a result, sea ice cover is
reduced in the Barents—Kara seas, which further persists into
the following January-February. The reduced SIC in the
Barents-Kara seas further strengthens the upward propagation
of Rossby waves by constructively interfering with the
climatological wavenumber-1 component. Consequently, the
stratospheric polar vortex is significantly weakened in spring
and further contributes to a negative AO-like structure at the
surface. The spring AO-like circulation anomalies are related to
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FIGURE 7 | Regressions of 500 hPa geopotential height (m) in January-February against the (A) negative October SNOWI and (B) negative January-February SICI
during 1979-2017. (C,D) and (E,F) are the same as (A,B) but for the zonal wavenumber-1 component of geopotential height at 500 hPa (shading; m) and longitude-
pressure sections of the zonal wavenumber-1 component of geopotential height along 50°N (shading; m). Contours in (C-F) denote the climatological zonal
wavenumber-1 component of geopotential height (m). Regions with hatched patterns indicate that the anomalies are significant at the 90% confidence level.

an anomalous cyclone in East Asia, which induces upward
motion and moisture convergence in southern China,
providing favorable conditions for extreme precipitation in the
region. Through the above processes, decreased (increased)
October central Siberian snow cover can lead to increased

(decreased) spring extreme precipitation frequency in southern
China.

Previous studies indicated that the troposphere-stratosphere
interaction is important in the seasonal-delayed relationship
between climate systems over the Northern Hemispheric mid-
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FIGURE 8 | Regression of January—February vertical WAF anomalies (shading; 107 m?s™2) at 50 hPa against the negative October SNOWI during 1979-2017.
Contours denote the climatological mean of 50 hPa vertical WAFs. Stippled regions indicate that the anomalies are significant at the 90% confidence level.

180

90E
[ i I I S —— [ [ N N o ——
-40  -30 -20 -10 0 10 20 30 40 -16 -12 08 -04 0 04 08 12 16

FIGURE 9 | Regressions of spring (A) 50 hPa geopotential height (m) and (B) SLP (hPa) against the negative October SNOWI during 1979-2017. Stippled regions
indicate that the anomalies are significant at the 90% confidence level.
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1985

FIGURE 10 | (A) Distribution of temporal correlation coefficient of SEPF in East China between the observation and hindcast. Regions with stippled and hatched
patterns indicate that the correlations are significant at the 90 and 95% confidence levels, respectively. (B) Time series of the normalized SC_SEPI (bars) and the
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hindcasted SC_SEPI calculated using the leave-one-out cross-validation method based on the preceding October SNOWI (red line).
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to high-latitude, in particular in the delayed impact of Eurasian
snow cover and sea ice (e.g., Gong et al., 2003; Cohen et al., 2007;
Peings et al., 2012; Cohen et al., 2014; Kim et al., 2014; Nakamura
et al.,, 2015; Han and Sun, 2018; Xu et al,, 2018; Ding and Wu,
2021). In this study, we find that the stratosphere-troposphere
interaction also play important role in the influence of preceding
October central Siberian snow cover on spring extreme
precipitation frequency southern China, which is a possible
physical way. In addition, previous studies also suggested that
the air-sea interaction over the North Atlantic region plays an
important role in prolonging impact of the NAO on the following
circulation anomalies (e.g., Chen et al., 2020a; Chen et al., 2020b;
Wu and Chen, 2020). In particular, Wu and Chen (2020)
indicated that both the North Atlantic SST anomalies and Arctic
sea ice anomalies are important in linking preceding winter and
following spring SAT anomalies over Eurasia. Therefore, the North
Atlantic SST might also play a role in linking the October snow cover
and following spring extreme precipitation frequency in southern
China through the tropospheric processes, which needs to be
investigated in our future study.

This study revealed a cross-seasonal relationship between
preceding October snow cover in central Siberia and spring
extreme precipitation frequency in southern China. The
October SNOWI shows significant skill in predicting the
SC_SEPI, with a correlation coefficient of 0.61, explaining 37%
of the total variance. However, there are still 63% of the variance
missed. In addition, from Figure 10, we can also see that the
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